The present study was designed to test the hypothesis that high dose dexmedetomidine would increase the duration of antinociception to a thermal stimulus in a rat model of sciatic nerve blockade without causing nerve damage. The rats were anesthetized with isoflurane. After electromyography (EMG) recordings, right sciatic nerves were explored and perineural injections were delivered: Group D (n = 7), 40 g g kg −1 dexmedetomidine administration, Group II (n = 6), (0.2 mL) saline administration, Group III (n = 2), only surgically exploration of the right sciatic nevre. Time to paw withdrawal latency (PAW) to a thermal stimulus for both paws and an assessment of motor function were measured every 30 min after the nerve block until a return to baseline. The compound muscle action potential (CMAP) of right and left sciatic nerves were recorded 10 times per each nerve once more after perineural injections at 14 day. After EMG recordings, right and the part of left sciatic nerve were excised at a length of at minimum 15 mm for histopathological examination. Comparison of right/left CMAP amplitude ratios before and 14 days after the procedure showed a statistically significant difference (p = 0.000). There were no differences in perineural inflammation between the Group D, Group S, and Group E at 14 days. article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
PALAVRAS-CHAVE
Testes de latência de retirada da pata; Medidor de analgesia; Nervo ciático;
Efeitos de dexmedetomidina perineural no nervo ciático em ratos
Resumo O presente estudo foi desenvolvido para testar a hipótese de que dexmedetomidina em dose alta aumentaria a duração da antinocicepção a um estímulo térmico em modelo de rato de bloqueio do nervo ciático sem causar danos ao nervo. Os ratos foram anestesiados com
Introduction
Peripheral nerve blocks are frequently used in surgical procedures targeted at post-operative pain and surgical anesthesia. Long-acting local anesthetics may also provide analgesia per se for 9---14 h. 1---4 If the block is performed in the morning and afternoon, patients generally report post-operative pain at night hours. The need for opioid cause's opioid-related potential side effects and suppression of healing sleep. 5 Using opioids results in potential airway obstruction, which causes saturation to decrease. 6---8 Ideally, single-time peripheral nerve block should provide analgesia during the first post-operative night.
Interventions targeted increasing the duration of block in order to heal post-operative pain with many additional local anesthetics are under investigation. The efficacy of clonidine has been proven in many regional anesthetic techniques. 9 However, long-acting local anesthetics have produced results that are not very impressive. 10, 11 In some studies, no beneficial effects of adding clonidine to longacting anesthetics have been found. 11 Dexmedetomidine is a selective alpha-adrenoceptor agonist. A previously performed study showed that dexmedetomidine extends the sensorial and motor block time when combined with bupivacaine in rat models with sciatic nerve block. 12 Studies indicated that local anesthetics result in myonecrosis; however, it is believed that the damage may not be clinically important since the muscles are regenerated in a normal way. 13---16 Local anesthetic doses are generally reliable in healthy human beings; however, there may really be neurotoxicity present in patients with subclinical neuropathy diabetes or multiple sclerosis. 17---19 An increase in inflammatory mediators was identified following the administration of perineural clonidine. 20---25 A study reported a significant decrease in perineural inflammation at 24 h with the addition of dexmedetomidine to bupivacaine as compared with the administration of bupivacaine alone. The same study found that the perineural inflammation values at 24 h were higher as compared with the bupivacaineonly saline control group. The perineural inflammation values of the group that received both bupivacaine and dexmedetomidine and the group that received only dexmedetomidine were similar to those of the saline group. 26 As discussed in previous studies, it is believed that decreased perineural inflammation with the use of dexmedetomidine is due to decreased proinflammatory products of healing immune cells and increased antiinflammatory cytokines at the wound site. 20---25 It is very important to determine the functional statuses of nerves. One of the functional evaluation methods for neural healing or transmission disorder is to perform electrophysiological measurements. Electromyography is a common procedure in clinical and fundamental studies in the context of in vivo and in vitro functional nerve studies. It has a widespread use in the electro-diagnostic evaluation of peripheral nerve damage of the sciatic nerve in animal models. A study performed showed that the use of a silicone tube filled with hyaluronic acid following end-to-end repair of an incised nerve could have a positive effect on latency and CMAP, and consequently on axonal regeneration. 27 CMAP is a valuable parameter that generally shows the time aspect of nerve regeneration and reinnervation. 28 A study demonstrated that stimulation single fiber electromyography (SSFEMG) was a more sensitive electrophysiological method in the detection of neuromuscular transmission block that occurs in rats with weak muscles and acute organophosphate poisoning. 29 These electromyographic studies showed that both nerve healing and nerve damage could be shown using electromyographic methods. In our study, we determined the effects of dexmedetomidine injection on neural transmission by using electromyographic methods.
We conducted this study in order to assess the effects of dexmedetomidine on sciatic nerves of rats through analgesimetry, histopathology and electromyography.
Method
This study was conducted at the Animal Experiments Laboratory of Bagcılar Teaching and Research Hospital upon ethics committee approval obtained during the 19th project This study was conducted in accordance with the guideline for the use and care of laboratory animals and the guideline for use and care of mammals in behavioral studies conducted in the context of neurological sciences. During the study, 15 male rats of the Sprague Dawley species weighing 400---500 g were used.
Drug preparation: Precedex IV vials (Abbott, Dexmedetomidine hydrochloride 100 g/mL) were diluted using physiological saline solution at a ratio of 50 g/mL.
Subfascial sciatic nerve injection
After the rats were weighed, they were anesthetized with isoflurane 2.5% in the induction room (Plexx Model: HNG6) ( Fig. 1 ), they were rested in right lateral decubitus position and isoflurane 2.5% anesthesia continued to be provided through a mask ( Fig. 1 ). Lateral incision was performed on the leg to receive the injection. The superficial fascia was separated and the sciatic nerve was exposed at a point proximal to the bifurcation (Fig. 2 ). After the sciatic nerve exposure, dexmedetomidine 40 g/kg was injected in perineural space in Group D (n = 7) and physiological saline solution at a volume equal to 40 g/kg dexmedetomidine was injected in Group S (n = 6). 30G PPD injectors were used for injection. In Group E (n = 2), only the sciatic nerve was exposed and it was closed again. The time of injection administration was recorded. To determine the site where nerve sample would be collected, the fascia of
Figure 2
The superficial fascia was separated and the sciatic nerve was exposed at a point proximal to the bifurcation. biceps femoris muscle corresponding to the injection site was marked using non-absorbable sutures under the skin while working on the skin preparation. The sutures were not placed around the nerve and did not touch the nerve. After the injections were made, the incision folds were closed. The isoflurane anesthesia was interrupted and the time of anesthesia interruption was recorded; the rats were placed in their cages in a supine position. Then, the times when rats returned to prone position were recorded as resumption of righting reflex (RoRR).
Paw withdrawal latency (PWL) testing
After the rats returned to prone position, a plantar analgesia meter (Series 8 model 336T, IITC Life Science Inc., Woodland Hills, CA) was placed in the plantar analgesia meter chamber in order to perform the PWL test ( Fig. 3 ). The source of light was used as a heater at analgesia meter. After the source of light was turned on and the temperature at the point to which the rat claw corresponded reached 30 • C, a waiting time of 5 min was allowed, the rat claw was moved to a point corresponding there. This procedure was repeated for both the right and left paws.
The rats with no signs of neurobehavioral abnormality were kept in lit and dark environments for periods of 12 h from the beginning until the end of the experiment (between 6.00 and 18.00 h). Before surgery, 1 h of neurobehavioral monitoring per day was performed for 3 days. A thermal PAW test was conducted and the averages of these 3 day values were taken as basal values; this procedure was repeated for both right and left claws. After the rats were taken to surgery and injection was administered, a PWL measurement was taken once every 30 min consequently and this procedure was performed for both right and left claws. All the rats were monitored for 210 min in neurobehavioral terms. Again in this period, a motor assessment of the rear extremity was performed once every 30 min. The result was recorded as motor block being present (motor score = 1), normal claw position or no motor blocks (motor block = 0). Once the rats returned to their basal sensorial and motor values, they were sent back to their cages. Before removing the nerve of rats on the injection site, the PWL measurements of both claws were taken 5 times each every morning as of the morning after the injection until the nerve was removed. The daily PWL values were taken as the average of these measurements.
Figure 4
The peak to peak compound muscle action potential (CMAP) and distal motor latency of the right and left sciatic nerves.
Electrophysiology study
After the rats were anesthetized with isoflurane 2.5%, the tails of rats made to rest in supine position were fixed on the working platform. The needle electrode was placed in the gastrocnemius muscle and the sciatic nerve was stimulated 10 times with a surface electrode in a supramaxillary way at a suitable point proximal to the hip joint ( Fig. 1) . The peak to peak compound muscle action potential (CMAP) and distal motor latency of the right and left sciatic nerves were recorded, respectively ( Fig. 4) . For electrophysiological study, an electromyography system (Biopac systems, Inc., Model: MP150) was used and the software program LabChart 7 was used for the assessment of measurements. The same procedure was performed after administration of isoflurane anesthesia before injection to the sciatic nerve and on Day 14 after the injection into the sciatic nerve before collecting a sample from the sciatic nerve and the results were compared.
Histopathological study
On day 14 after the rats were anesthetized with isoflurane for the first electrophysiology study and drug injection into the sciatic nerve, the rats were anesthetized again with isoflurane and electrophysiology study was performed. The former incision site in the rear right extremity was opened, the marking suture was located and a sciatic nerve sample of 1.5 cm in length was collected from the corresponding site. The same procedure was repeated for the rear left extremity. The nerve samples were fixed for 3 days in glyceraldehyde 2.5% and then embedded in paraffin blocks and cross-sections of 5 m were prepared. These samples were stained with eosin and evaluated. The following were identified: perineural inflammation in the sciatic nerve (Figs. 5---8) (0 = no inflammation, 1 = slight edema and/or inflammation in small foci, 2 = moderate edema and/or inflammation in a locally wide area, 3 = moderate edema and/or inflammation in diffuse areas, local nerve damage findings) (0 = no lesions, 1 = damage in 1---2% of axons or myelins, 2 = damage in 2---5% of axons or myelins, 3 = damage in more than 5% of axons or myelins). After the removal sciatic nerve, euthanasia was performed on rats using the cervical dislocation method.
Statistics
Statistical calculations were made using the software program SPSS 11.5 for Windows. Comparison of anesthesia 
Results
When the durations of anesthesia provided while administering injections to rats were compared, no statistically significant differences were found (p = 0.823) ( Fig. 9 ).
When the RoRR values of rats were compared as per the groups, statistically significant differences were found among groups (p = 0.005). When the groups were compared individually, it was seen that the RoRR values in Group D were statistically significantly different than the other two groups and the RoRR values were longer as compared to the two other groups (Group D---Group S: p = 0.003, Group D---Group E: p = 0.040) ( Fig. 10 ). 
In Group D
When the rear right extremity PWL values of the rats were compared with their basal values, it was seen that the PWL values were lower than the basal value in 30 min after drug administration and higher in 210 min. There were no statistically significant differences among values measured in 60, 90, 120, 150 and 180 min (p = 0.018 ---p = 0.237 ---p = 0.237 --p = 0.735 ---p = 0.499 ---p = 0.091 ---p = 0.028) ( Fig. 11 ). When the rear left extremity PWL values of the rats were compared with their basal values, no statistically significant differences were observed in 60, 90, 120, 150, 180 and 210 min (p = 0.044 ---p = 0.138 ---p = 0.067 ---p = 0.54 --p = 0.128 ---p = 0.098 ---p = 0.056) ( Fig. 12 ).
When the rear right extremity PWL values of rats were compared with their basal values, no statistically significant differences were seen on Days 1, 8, 9 and 14 as compared to the basal values; however, the PWL values were statistically significantly longer on other days in comparison with the basal values (1 Day: p = 0.735; 2 Day: p = 0.028; 3 Day: p = 0.018; 4 Day: p = 0.028; 5 Day: p = 0.043; 6 Day: p = 0.018; 7 Day: p = 0.028; 8 Day: p = 0.128; 9 Day: p = 0.063; 10 Day: p = 0.028; 11 Day: p = 0.018; 12 Day: p = 0.028; 13 Day: p = 0.663; 14 Day: p = 0.128) ( Fig. 13 ).
When the rear left extremity PWL values of rats were compared with their basal values, it was seen there was a statistically significant difference in terms of measurements taken on Days 4---6, 9---12 throughout 14 days and they were longer than the basal values (1 Day: p = 0.612; 2 Day: p = 0.018; 3 Day: p = 0.063; 4 Day: p = 0.018; 5 Day: p = 0.018; 6 Day: p = 0.018; 7 Day: p = 0.091; 8 Day: p = 0.128; 9 Day: p = 0.028; 10 Day: p = 0.125; 11 Day: p = 0.028; 12 Day: p = 0.018; 13 Day: p = 0.028; 14 Day: p = 0.063) ( Fig. 14) .
Motor block did not develop in any of the rats in Group D.
In Group S
When the rear right extremity PWL values of rats were compared with their basal values, no statistically significant differences were observed in 30, 60, 90, 120, 150, 180 and 210 min ( Fig. 11 ).
When the rear left extremity PWL values of rats were compared with their basal values, no statistically significant differences were observed in 30, 60, 90, 120, 150, 180 and 210 min ( Fig. 12 ).
When the rear right extremity PWL values of rats were compared with their basal values, there were significant differences on Days 4---7, 10, 11 and 14 and they were longer as compared to the basal values (1 Day: p = 0.345; 2 Day: p = 0.116; 3 Day: p = 0.600; 4 Day: p = 0.046; 5 Day: p = 0.046; 6 Day: p = 0.028; 7 Day: p = 0.028; 8 Day: p = 0.075; 9 Day: p = 0.207; 10 Day: p = 0.046; 11 Day: p = 0.028; 12 Day: p = 0.116; 13 Day: p = 0.116; 14 Day: p = 0.028) ( Fig. 13 ). When the rear left extremity PWL values of the rats were compared with their basal values, there were statistically significant differences on Days 3---14 and they were longer than basal values (1 Day: p = 0.116; 2 Day: p = 0.173; 3 Day: p = 0.046; 4 Day: p = 0.046; 5 Day: p = 0.028; 6 Day: p = 0.028; 7 Day: p = 0.917; 8 Day: p = 0.046; 9 Day: p = 0.028; 10 Day: p = 0.116; 11 Day: p = 0.028; 12 Day: p = 0.046; 13 Day: p = 0.028; 14 Day: p = 0.046) ( Fig. 14) .
No rats in Group S developed motor block.
In Group E
When the rear right extremity PWL values of rats were compared with their basal values, no statistically significant differences were observed in 30, 60, 90, 120, 150, 180 and 210 min ( Fig. 11 ). When the rear left extremity PWL values of rats were compared with their basal values, no statistically significant differences were observed in 30, 60, 90, 120, 150, 180 and 210 min ( Fig. 12 ).
When the rear right extremity PWL values of rats were compared with their basal values, no statistically significant differences were observed on Days 1---14 (Fig. 13) .
When the rear left extremity PWL values of rats were compared with their basal values, no statistically significant differences were observed on Days 1---14 (Fig. 14) .
No rats developed motor blocks in Group E. When the right sciatic nerves of rats were histopathologically compared, no statistically significant differences were seen among groups with respect to inflammation and local nerve damage findings (p = 0.633 ---p = 0.867).
When the left sciatic nerves of groups were histopathologically compared, no statistically significant differences were seen among groups in terms of inflammation and local nerve damage findings (p = 0.751 ---p = 0.668).
When the right and left nerves in Group D were compared in terms of histopathological results, there were no statistically significant differences in terms of inflammation and local nerve damage (p = 0.891 ---p = 0.705).
When the right and left sciatic nerves in Group S were compared in terms of histopathological results, there were no statistically significant differences in terms of inflammation and local nerve damage (p = 0.194 ---p = 0.317).
When the right and left sciatic nerves in Group E were compared in terms of histopathological results, there were no statistically significant differences in terms of inflammation and local nerve damage (p = 1.000 ---p = 0.317).
When the Group D, Group S and Group E were compared in terms of CMAP and latency values before and after the injection, there were statistically significant differences in terms of post-injection CMAP values (p < 0.001) ( Table 1 ). There were no statistically significant differences with respect to latency values (p = 0.618) (Tables 1 and 2) .
The post-injection CMAP measurements were statistically significantly different between Group D and Group S (p = 0.016) There were statistically significant differences between Group D and Group D with respect to post-injection CMAP measurements (p = 0.015). There was a statistically significant difference between and after injection R CMAP amplitude and after injection L CMAP amplitude, p = 0.000.
When the post-injection CMAP measurements of Group S and Group E were compared, no statistically significant differences were found between them (p = 0.95).
When the pre-injection and Latency values were compared among Group D, Group S and Group E, no statistically significant differences were found (p = 0.137 ---p = 0.083) ( Tables 1 and 2) .
When the pre-injection and post-injection CMAP values of Group D were compared, there was a statistically significant difference (p < 0.001). There were no statistically significant differences among the pre-injection and postinjection CMAP values of Group S and Group E (p = 0.126 --p = 0.548).
Discussion
This study is a placebo-controlled, randomized and blind study. It was demonstrated that high-dose dexmedetomidine caused sensorial block in sciatic nerves of rats and did not have any histopathologically toxic effects; however, their effects on neural transmission were not electromyographic studies.
It was found that dexmedetomidine inhibited paraventricular nucleus parvocellular neurons by means of I h suppression hypothalamic nucleus neurons which are controlled by hyperpolarized-activated flows and in direct contact with noradrenergic neurons are called I h (H-flow) and rat hypothalamic nucleus neurons by means of the activation of G-protein pair, which internally regulates the K + flow. 30 In the in vitro study of rat dorsal ganglion neurons, it was found that the combination of both clonidine and dexmedetomidine with lidocaine produced an additive type of block interaction on tetrodotoxin-resistant Na flow. 31 A previously conducted study showed that increased dose of dexmedetomidine added to ropivacaine resulted in a longer sensory motor blockage duration through thermal stimulation in rats. 26 The time of intensive sensorial block and time to return to normal sensorial functions increased in a dose-dependent manner with gradually increasing doses of dexmedetomidine. 26 Also, another study demonstrated that sensorial and motor block in the sciatic nerve blockage of rats showed a significant increase with high-dose dexmedetomidine added to bupivacaine. 32 We did not use any local anesthetic drugs in our study. In Group D, we administered dexmedetomidine 40 g/kg −1 only to the perineural space of the right sciatic nerve. In 30 min following drug administration in Group D, the right PWL values were statistically significantly lower than basal values and the right PWL values were statistically significantly higher than basal values in 210 min. The left PWL values were statistically significantly low in 30 min in comparison with basal values. The reason why the right and left PWL values in 30 min were lower than the basal values was that the RoRR reflex was not restored in any of the rats in the meantime, hence the PWL measurements could not be taken. When both right and left PWL values in Group S and Group E were compared with basal values, no statistically significant differences were seen. When the right PWL values on Days 1, 8, 9 and 14 were compared with basal values, no statistically significant differences were found. However, there were statistically significant differences in terms of the comparison of PWL values on the other days and they were longer than basal values. In Group D, there were statistically significant differences between left PWL values and basal values on Days 4---6, 9---12 and they were longer than basal values. In Group S, there were statistically significant differences between the right PWL values and basal values on Days 4---7, 10, 11 and 14 and they were longer than basal values. There were statistically significant differences between left PWL values and basal values on Days 3---6, 8---9, 11---14 and they were longer than basal values. In Group E, no statistically significant differences were found when the PWL values were compared with basal values on post-operative days in cases that underwent surgical opening and closure. A study conducted showed that the effect of dexmedetomidine was at a significant degree only when it was added to bupivacaine and the central analgesic effects of dexmedetomidine were therefore rejected as the reason for the increased duration of sensorial block. 32 Dexmedetomidine alone could produce neither sustainable motor block nor sensorial block at a significant degree. 32 Clonidine failed to produce adequate analgesia when used as a single anesthetic in the human brachial plexus block. 33 Similarly, it was demonstrated that dexmedetomidine increased the sensorial and motor block duration and analgesia duration when added to bupivacaine for targeting the supraclavicular brachial plexus block. 34 The analgesia achieved in rats by dexmedetomidine added to ropivacaine for peripheral nerve block develops thanks to peripheral effects. In this study, the group of dexmedetomidine alone developed short and partial sensorial block. 35 Our study showed that dexmedetomidine resulted in PWL prolongation not only in the right sciatic nerve, where it was injected in perineural space, but also in the left sciatic nerve on specific days following drug administration. The same effect was also observed in Group S. This effect was not observed in Group E. For that reason, it would not be accurate to attribute these prolongations to dexmedetomidine; however, these effects may be attributed to interventions on the perineural space. More studies should be performed on that subject. However, the same PWL prolongations in Group D and Group S also took place in left sciatic nerves.
As for the left sciatic nerves, no surgical interventions were made on them. This is one of the subjects that merits further investigation.
When high dose dexmedetomidine is added to bupivacaine for sciatic nerve block in rats, it does enhance the block. 36 When dexmedetomidine is intravenously administered, it generates sedation and analgesia without causing respiratory depression. 37---40 It may change sensory perception through centrally effective analgesia and sedation. 37---40 Contrary to the result of a previous study where all the rats received a bilateral sciatic nerve block with both bupivacaine alone and bupivacaine enhanced with dexmedetomidine, 36 the results of the study where a unilateral block was achieved showed that 26 the effects of dexmedetomidine were dominant at the peripheral nerve level. 26 Dexmedetomidine at a very high dose of 20 g/kg −1 has very large, systemic effects that further prolong RoRR at a significant degree. 26 In our study, the duration of RoRR reflex in Group D was statistically significantly higher than the other groups.
Various in vitro and in vivo studies have been conducted in order to understand whether dexmedetomidine has toxic effects on nerve cells. Schoeler et al. 41 exposed organotypic hippocampal slices to dexmedetomidine and create a focal, mechanical trauma in order to show that dexmedetomidine provided a neuron-protective effect in an in vitro traumatic brain model. Sanders et al. 42 showed that dexmedetomidine prevented cortical apoptosis under in vitro and in vivo conditions. In another study that was conducted, the combination of bupivacaine and dexmedetomidine were compared with bupivacaine alone and it was associated with significantly less perineural inflammation at 24 h. 36 A study observed findings indicating that dexmedetomidine 5 or 10 g injected into the epidural space in rabbits resulted in the demyelination of oligodendrocytes in the white matter of the spinal cord. 43 However, it was reported that the neurotoxic effects of epidural dexmedetomidine could have been due to the injury of spinal cord vascular resources due to the pH effect or the direct effects of epidural catheter insertion. 43 In a study that was conducted, 12 it was surprising to see that the sciatic nerves did not affect myelins or axons when dexmedetomidine was used at a dose of 28---40 g/kg −1 ; however, it had caused a significant myelin damage when administered epidurally to rabbits at a dose of 6.25 g/kg −1 . 43 The perineural inflammation values were similar to the saline control group in the group receiving bupivacaine enhanced with dexmedetomidine and in the group receiving bupivacaine alone. 12 This situation was attributed to the capacity of alpha-2 agonists to reduce inflammatory response. 20, 22, 21, 23, 44, 25, 45 In the study that we carried out, there were no statistically significant differences in all three groups with respect to histopathological findings of inflammation and local nerve damage in the perineural space of the right and left sciatic nerve crosssections.
We have not encountered any studies in the literature where electromyographic values were compared before and after the injection of dexmedetomidine in the sciatic nerve. The assessment of latency is an indication of the functional axons, number and quality of valid axons and therefore the functional status of motor neurons that are studied. 46 There were no statistically significant differences in any of the groups in terms of pre-injection and post-injection Latency values in our study. In our study, the post-injection CMAP values in Group D were statistically significantly different as compared to the other groups and they had decreased following injection. In Group D, the pre-injection and postinjection CMAP values were also statistically significantly different and decreased following the injection. With CMAP, 3 values are recorded on the basis of the muscle that is studied: 1 ---size of the motor unit innervated by axons, 2 ---size of the motor nerve fibers that respond to the stimulus and 3 ---synchronization of their responses. 47 In conclusion, the injection of perineural dexmedetomidine to the sciatic nerve in rats prolonged the PWL value in 210 min and prolonged the post-injection PWL values on Days 2---7, 10---13. The duration of RoRR reflex had been prolonged at a statistically significant level in rats that received perineural dexmedetomidine injection. Perineural injection of dexmedetomidine into the sciatic nerve did not result in a statistically significant perineural inflammation increase or local nerve damage; however, the CMAP values on Day 14 following the perineural injection of dexmedetomidine into the sciatic nerve were found to be statistically significantly lower.
